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The U.S. Army's 160th Special Operations Aviation Regiment (Airborne) employs the 
MH-6M Mission-Enhanced Little Bird helicopter with troops seated on external 
platforms on both sides of its fuselage. During cruise flight, these troops are subjected to 
such high wind speeds that the ability to perform their subsequent mission is degraded. 
The external personnel also add parasite drag to the helicopter, which decreases its 
performance, and increase the noise levels and turbulence in the cockpit, which interferes 
with its crew. 
Prior research indicated that the wind could possibly be diverted away from the 
external personnel, to some degree, by attaching wind deflectors to the helicopter 
fuselage. This thesis explored that notion by investigating the effects of various wind 
deflector designs on a partial model of the MH-6M helicopter installed in a wind tunnel. 
The wind tunnel investigation included quantitative and qualitative flow visualization, 
parasite drag force measurements, and acoustical analysis of 15 wind deflector designs. 
The investigation concluded that a simple curved plate wind deflector could 
effectively divert the airflow away from the external passengers, while simultaneously 
reducing their parasite drag, as well as the turbulence and associated noise. The degree 
of their effectiveness varied mainly with the wind deflector's width, length, and angle. 
The effects of varying these parameters were analyzed to determine their optimum values 
for design and fabrication of a full-scale prototype wind deflector. The analyses 
suggested a prototype deflector width of approximately 18 inches, a deflection angle of 
50 - 60 degrees, and a length that extends over the external personnel's heads. 
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The U.S. Army's 160th Special Operations Aviation Regiment (Airborne}, or 
SOAR(A), is the world's premier aviation night fighting force, and is the Army's only 
special operations aviation force. Since its inception in October 1981, the 160th has 
participated in many historic Army operations, including Urgent Fury, Prime Chance, 
Just Cause, Desert Shield, Desert Storm, and Uphold Democracy1 • The 160th, also 
known as the "Nightstalkers," employ the CH-47 Chinook, UH-60 Blackhawk, and the 
H-6 Cayuse helicopters in a wide variety of special missions. These missions are 
conducted at low-level altitudes in the deserts, mountains, and jungles, and urban 
environments, mostly at night using night vision goggles. 
During these missions, the 160th has employed several versions of the H-6 Cayuse 
(Little Bird}, a highly maneuverable light scout ( observation) helicopter developed during 
the Vietnam era. These versions include the AH-6 armed variant, and the MH-6 
transport/utility version, which can carry personnel for quick insertion and extraction 
missions. The latest version is the MH-6M Mission-Enhanced Little Bird, which boasts 
significant power-train, rotor, and avionics upgrades over its predecessors2 (see appendix 
A). The MH-6M can also be equipped with an External Personnel System (EPS), as 
shown in figure 1-1. The EPS consists of dual bonded aluminum composite external 
platforms, or "pods," that seat up to 6 troops (3 per side). Unfortunately, three related 
problems occur when flying with these personnel seated on the external pods. 
1 
Figure 1-1 MH-6M MELB with External Personnel System 
First and foremost, the external personnel are routinely subjected to wind speeds of 80 
to 130 knots for over 1 hour - often during extreme temperatures and precipitation. 
These environmental stressors can fatigue the troops and significantly degrade their 
ability to perform their ground combat mission upon arrival at their objective. The 
slower airspeeds required to minimize the impact of the wind on the troops also often 
hinders the capability of the 160th to react and strike as quickly as needed. 
Secondly, the external personnel add a large amount of parasite drag to the helicopter. 
The average parasite drag area of a sitting person (side profile) was calculated to be 6 ft2 
(for a 5.9 ft tall, 165 lb man, as tested in a wind tunnel)3. With the addition of combat 
2 
gear and weapons, the added equivalent flat-plate drag area is 13 fr for 6 external 
personneI2. This added drag can increase the engine power required 43 percent, and fuel 
flow rate 26 percent, during cruise flight airspeed; this in tum decreases the maximum 
possible mission range of the helicopter. For example, with the helicopter at 4500 lb, 
without external personnel, and in sea-level standard conditions, the MH-6M requires 56 
psi (indicated) torque to maintain 100 KTAS, with a resulting fuel bum of 275 lb/hr. 
After adding 6 external personnel ( for the same gross weight), the required torque 
increases to 80 psi (indicated) to maintain 100 KTAS, and fuel bum increases to 345 
lb/hr. This increased fuel bum rate decreases the maximum range by approximately 30 
nautical miles at this airspeed. 
Finally, and in addition to the negative effects on the external personnel and the 
aircraft's performance, MH-6M pilots reported that the external personnel apparently 
deflected the airflow into the cabin and cockpit during cruise flight, both increasing the 
noise levels which disrupt critical crew communications, and causing turbulence that 
hinders the performance of other crew duties, e.g., navigating with maps. 
A possible solution to the problems caused by the addition of external personnel has 
previously been researched using wind deflectors (sometimes referred to as "diverters") 
attached to a helicopter's fuselage. This prior research began in 1997, at UTSI, with a 
study of fluid flow using injected dye around a 1/24-scale OH-6 model in a water tunnel4; 
however, the study did not investigate the fluid flow with external personnel, but merely 
focused on a method to prevent airflow from entering the cabin of the MH-6J helicopter. 
In 2000, full-scale flight testing was conducted at UTSI using an OH-58A+ Kiowa 
helicopter equipped with adjustable wind deflectors of various designs5•6• While these 
3 
flight tests provided valuable data, the degree of difference in airflow characteristics 
between the OH-58A+ and MH-6M airframes was unknown, but was considered to be 
significant. Therefore, further study of an airflow deflector solution specifically for the 
MH-6M was deemed necessary. 
Considering the number of possible design variables and the limited amount of prior 
research in this area, many deflector designs needed to be studied. Fabricating and flight­
testing a large number of prototype deflectors would have been expensive and required 
the use of SOAR(A) aircraft over an extended period of time, with the latter being 
extremely difficult to coordinate given the SOAR(A)'s frequent deployments. 
In the search for an efficient and economical method of determining an optimum wind 
deflector design, a study using computational fluid dynamics (CFD) was considered. 
This method was eventually dismissed due to the low confidence in modem CFD 
solutions when they involve modeling the type of turbulent flow expected to be produced 
by wind deflectors. Alternatively, it was suggested that a scaled model of the MH-6M 
equipped with model wind deflectors could be investigated in the UTSI subsonic wind 
tunnel. A wind tunnel investigation would not only permit visualizing the deflected 
airflow, but the drag caused by the deflectors could also be measured so the effect on the 
aircraft's performance could be predicted. 
It was also suggested that a sensitive microphone could be installed in the model to 
determine the effect of various wind deflectors on the noise level in the cockpit. During 
the full-scale wind deflector research which used the OH-58A+, the flight crew reported a 
"low-frequency, pulsating rumble" when flying with 8-inch flat plate wind deflectors at 
certain airspeeds. Their description alluded to a resonant condition, or standing wave, 
4 
similar to that experienced in some automobiles. Any wind deflector model causing this 
annoying resonance would be rejected as an undesirable design. If properly configured, 
the sensitive microphone installed in the model could possibly detect any resonant 
conditions, as well as the general noise levels, produced by the installation of various 
wind deflectors. 
Objectives 
The primary objective of the 160th SOAR(A) is to find an optimum wind deflector 
design that will deflect the largest amount of wind from the external personnel without 
adversely affecting the field-of-view, performance, handling qualities, or acoustics of the 
MH-6M helicopter. The purpose of this thesis was to recommend an optimum design for 
a full-scale prototype wind deflector by evaluating various wind deflector models 
installed on a scale model of the MH-6M helicopter in a wind tunnel. The evaluation was 
primarily a comparative analysis of the effects of varying the major design parameters 
(width, length, and deflection angle). The analyses will consider the following (in order 
of priority) : 
1. The ability of a wind deflector to deflect the airflow away from external personnel 
and not into either the cockpit or the cabin of the helicopter. 
2. The effect of a wind deflector on aircraft performance by measuring the parasite 
drag with and without external personnel. 




MH-6M HELICOPTER MODEL 
Model Considerations 
Ideally, tests using a detailed large-scale model of the MH-6M mounted in a relatively 
large wind tunnel would have yielded the most accurate and useful data. This data would 
ideally include measurements of forces and moments corresponding to the longitudinal, 
lateral, and vertical axes. Due to funding and time limitations this was not possible, so 
compromises were made to conduct the tests with the available resources. 
The UTSI wind tunnel was the only affordable wind tunnel facility available in the 
region, but its relatively small test section limited the size of the model. The ratio of the 
cross-sectional areas of the model and test section is referred to as the blockage ratio and 
is normally in the range of 0.01 - 0. 10 with 0.05 being typicaI7 . When testing bluff 
bodies like automobiles, the blockage ratio is normally less than 0.05 to allow separated 
flow regions to "close" prior to reaching the end of the test section and the entry of the 
diffuser - otherwise the pressure in the separated region will be incorrect and create large 
errors in drag measurements. Except for the large cockpit and cabin openings, the MH-
6M model was fairly streamlined. With external personnel added though, the model was 
no longer streamlined, and the air flow around it was expected to separate in a manner 
similar to that of bluff bodies. Therefore, the helicopter model would need to conform to 
a blockage ratio of 0.05 or less. The UTSI wind tunnel test section was 14 inches high 
and 20 inches wide for a cross-sectional area of 280 in2• For a maximum blockage ratio 
of 0.05, the model cross-sectional area would have to be less than 14 in2, which would 
require a model of 1/18 scale or less. Since the MH-6M has the basic OH-6 airframe, a 
plastic model kit of an OH-6 could be used, but the only kits available were of 1/24 scale 
or smaller. Not only would flow measurements at these small scales be difficult to 
discriminate, but the aerodynamic similarity between the model and aircraft would be 
very different. 
Since the test model was to be fixed, the parameter of similarity between the model 






Re = Inertia Force _ p V L Viscous Force µ 
Density of air 
Velocity of air 
Characteristic length 
Viscosity of air 
Ideally, the model experiment would have the same Reynolds number as the full-scale 
helicopter so that the air flows would be aerodynamically similar. This would also mean 
that since the nondimensional functions for fluid velocity, pressure coefficient, density, 
viscosity, and temperature would be the same, the force and moment coefficients would 
be the same for the model and full-scale flows so that the actual aircraft performance 
values could be predicted7• Using sea level standard day conditions and a characteristic 
length of 1.4 ft (measured from the aircraft's nose to the leading edge of the cockpit door, 
at waterline 39.0), the Reynolds number for the full-scale helicopter, cruising at 100 
KTAS, was calculated as 
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Re = p V L =[0.002378 slugs ][  ft2 ][169 ft] [1.4 ft] = 1.S x 106 . µ ft3 3.7373 X 10·7 lb-s S 
To match this Reynolds number for a 1/18 scale model, the required wind tunnel air 
velocity was calculated as 
V= Re µ =[ 1.5 x 106 ] [3.7373 x 1 0·1 lb-s] [  ft3 ] = 2,947 ft , L p 0.08 ft ft2 0.0023 78 slugs s 
which was impossible to attain since the UTSI subsonic wind tunnel has a maximum 
velocity of 250 ft/s. The Reynolds number for the 1/18 scale model at 250 ft/s would 
only be 
Re = p V L =[0.002378 slugs] [  ft2 ][250 ft] [o.o8 ft]= 1.3 x 10s , µ ft3 3.7373 X 10·7 lb-s S 
which is 11.5 times smaller than needed. The corrections required to adjust the force and 
moments data to full-scale would have been insurmountable, since correction algorithms 
of this type were found to be proprietary. Hence, it was not possible to both comply with 
the maximum blockage restriction and test at a reasonable Reynolds number; therefore 
obtaining accurate force and moments for all 3 axes of rotation of the model was not 
possible in the UTSI facility. 
Flow visualization of the deflected airflows was considered as the most important 
aspect of the wind tunnel tests, so it was necessary to have a model scale large enough so 
that even small differences in airflow patterns among various wind deflectors could be 
measured with enough accuracy to correctly discriminate the effects of the different 
design variables (i.e., width, length, and deflection angle). Additionally, larger scale 
wind deflector models would be easier to fabricate with precision. 
9 
A fuselage kit for a 1/5.5 scale radio-control model of the OH-6 was found to be the 
best choice available for these flow visualization purposes. The Reynolds number for the 
1/5 .5 scale model was 
Re = p V L =[0.002378 slugs] [  ft2 ][ 250 ft] [o.25 ft] = 4_0 x l05 , µ ft3 3.7373 X 10·7 lb-S S 
which is only 3.8 times smaller than the desired Reynolds number. But since the ratio of 
the model (with external personnel) frontal area (- 88 in2) to the wind tunnel cross­
sectional area (280 in2) was 0.3, obtaining reliable force and moment data about any of 
the aircraft's axes was still not possible. 
To lower the test section blockage, yet maintain the advantage of large scale flow 
visualization, it was necessary to split the 1/5 .5 scale model in half along its plane of 
symmetry (vertically along the longitudinal axis) (see fig 2-1). The resulting test section 
blockage ratio with the half-model was still high (0. 16), and was expected to lower the 
maximum possible wind tunnel airspeed. While the testing of half-models is widely-used 
Figure 2-1 MH-6M Helicopter Half-Model 10 
to reduce model construction costs, this method requires mounting the model on a large 
plate or at the plane of symmetry to prevent asymmetric flow problems 7. Due to the test 
section height, it was necessary to mount the half-model on the floor of the test section 
(with a 0.5 inch gap) so that the left side of the model was facing upward. This also 
allowed for better viewing of the air flow across the wind deflectors and external 
personnel. 
The test section length limited the model length, so the half-model was also restricted 
to a tailless fuselage. Considering then, that the model was not only asymmetric, but was 
an incomplete aircraft representation, the parasite drag forces measured from the model 
would have required corrections for these inaccuracies to reasonably predict the absolute 
values of drag for the actual aircraft. With this in mind, the main rotor, landing gear 
components, and antennas were discarded as well, so that the resulting model consisted 
of only those airframe elements necessary to facilitate a simple initial-feasibility 
investigation through comparative-analysis type measurements of various deflector 
designs. 
Model Construction 
The half-model of the MH-6M was assembled using the left fuselage half from a 1/5.5 
scale MD-500D radio-control model kit (Helicopter World, Inc. Item Number 
CN401 OD). Because the fuselage half was of thin fiberglass and resin construction, and 
the windscreen was of lightweight clear plastic, the model was reinforced with white and 
yellow pine wood to increase the model's mass and rigidity. The increase in mass was 
required to overcome any lift or suction forces, while the increased rigidity would help 
11 
dampen any undesirable oscillations. The reinforced model was assembled using epoxy 
and wood screws, then mounted on a 3/16 inch plywood base and reinforced internally 
with fiberglass cloth and polyester resin. The plywood base was reinforced underneath 
with a 0.032-inch aluminum plate to which the mounting blocks for three flexures (see 
Chapter 4) were bolted from inside. Refer to figure B-1 for a drawing of the model. 
Wood was also used to fashion the seats, instrument panel, bulkheads, and other 
significant airframe components. A 1/8-scale plastic toy soldier was also bolted in the 
cockpit as the pilot. These replications were installed to model the cockpit and cabin 
area's acoustics and aerodynamics as accurately as possible. The EPS platform was also 
fashioned from wood, upon which three additional 1/8-scale plastic figures were bolted 
and safety-wired (see figure 2-2). The plastic figures wore loose cotton pants and shirts 
which would provide indications of the airflow around them. The entire model was spray 
pained with gray enamel to provide adequate contrast against both a black background 
and white smoke while ensuring a reasonably smooth finish. 
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Figure 2-2 External Personnel Models 
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CHAPTER 3 
WIND DEFLECTOR MODELS 
Design Considerations 
The wind deflector models were designed with careful consideration of the 
requirements for full-scale deflectors, as dictated by the 160th SOAR(A). The main 
objectives, as described in detail in chapter 1, were to develop wind deflectors to reduce 
external personnel and crew environmental stresses caused by the airflow while also 
decreasing the parasite drag and noise caused by the external personnel being in the 
airflow. The following additional requirements were also mandated by the 160th : 
1. The wind deflectors must not prohibit the emergency egress from the helicopter by 
the crew or personnel. This implied that the deflector would either be narrow enough to 
permit easy egress from the cockpit or be easily movable or ejectable like the aircraft 
doors. This also meant the deflectors would not have sharp, jagged, or other hazardous 
edges or appendages that would impede even normal entry and exit of the aircraft. On a 
similar note, consideration must be given to the crash-sequence effects with wind 
deflectors installed. 
2. The wind deflectors must be easy to install and remove. The assumption was made 
that the wind deflectors could be mounted to the aircraft's existing cockpit door hinge 
points, at the leading edge of the cockpit door frame (fig 3-1). To comply with this 
requirement meant that the deflectors would be relatively light with only a few additional 
quick-disconnect type attachments. The weight of the deflectors as well as the loads 
imposed on them in flight would be limited by the strength of the airframe at these 15 
Figure 3-1 MH-6M Cockpit Door Frame (Right Side) 
16  
attaching points. It was also assumed that the aircraft's static port and AN/APR-39 Radar 
Warning Receiver antennas could be moved or modified to facilitate the attachment of 
the wind deflectors, as illustrated in figure 3-1. 
3. It must be possible to see through the wind deflectors with minimal distortion. 
Since the MH-6M pilots fly with night-vision goggles, the wind deflectors must be 
transp�ent, with the same optical qualities as the aircraft's windscreen. Since 
windscreen material can be manufactured into practically any desired shape, the wind 
deflector models were not restricted to flat or rectangular shapes - provided that any 
curvature did not cause significant distortion. This requirement also meant that the wind 
deflector material thickness would be similar to that of acrylic windscreen material, and 
would be restricted to a single layer. Any lips, slots, or other modifications (such as 
vortex generators) that degraded visibility through the deflector would have to be used 
with discretion. 
4. The wind deflectors must not be so large that they excessively interfere with the 
capability of the external personnel to use their personal weapons to engage targets 
forward of the aircraft. It was acknowledged that there was a fine line between this 
important capability and the maximum airflow deflection. 
5. The wind deflectors must not cause any adverse handling characteristics. Only 
full-scale flight testing of prototype wind deflectors would reveal adverse handling 
qualities, but wind deflector designs must not be conducive to creating any additional or 
unusual turbulence that would affect the tail components or anti-torque rotor. 
After considering all of these requirements, as well as the eventual production cost, 
the necessary durability, and the desired maintainability, the wind deflector models were 
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constructed as simple curved plates that conformed and mounted to the cockpit door 
frame. 
Wind Deflector Model Descriptions 
Considering the number of possible design variables and the limited amount of prior 
research in this area, many deflector designs were required to be studied. Fifteen 
different wind deflector models were tested, each having a unique combination of width, 
length, and deflection angle (see table 3-1). While it was expected that the noise caused 
by airflow would actually be reduced with air deflectors, prior flight tests experienced the 
low-frequency pulsating phenomena ( described in chapter 1) which was eliminated with 
the addition of vortex generators. After deflector # 1 was tested in the wind tunnel, vortex 
generators were added to make deflector # 11. Similarly, deflector #3 was modified with 
a sawtooth edge to make deflector #12. The sawtooth edge modification was added in an 
effort to stabilize the point of reattachment of the shear layer ( on the external personnel) 
by forcing it to become turbulent, thereby reducing the overall turbulence experienced by 
the external personnel. While both of these modifications may prove fruitful on the full­
scale helicopter, it was not known whether any significant change in the airflow or 
parasite drag would occur due to the small-scale effects. 
Wind Deflector Model Construction 
The deflector models were formed from hyperbolic curves cut from poster-board then 
trimmed to the desired width and angle. The desired deflection angle was measured to an 
accuracy of ±2 degrees, using a machinist's protractor. After the deflector was secured in 
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Table 3-1 Wind Deflector Model Specifications 
Design Relative Width Angle 
No. Length (inches) (degrees) Modifications 
1 Short 2 40 Smooth 
2 Short 2 50 Smooth 
3 Short 2 60 Smooth 
4 Short 3 40 Smooth 
5 Short 3 50 Smooth 
6 Short 3 60 Smooth 
7 Short 4 60 Smooth 
8 Long 2 · 40 Smooth 
9 Long 3 50 Smooth 
1 0  Long 4 60 Smooth 11 Short 2 40 Vortex Generators 
12  Short 2 60 Sawtooth Edge 
1 3  Short 1 40 Smooth 
14  Short 1 50 Smooth 
1 5  Short 1 60 Smooth 
the desired shape and angle with clear cellophane tape, woven fiberglass cloth was 
bonded to both sides using polyester resin. When the first resin application cured, three 
mounting bolts were secured to the deflector through the model's airframe using more 
resin. Finally, the deflector models were trimmed, sanded smooth, and painted. See 
appendix C for photographs of all deflector models. 
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CHAPTER 4 
WIND TUNNEL INVESTIGATION METHODOLOGY 
General 
The wind tunnel investigation of the various wind deflector models included flow 
visualization using laser-illuminated smoke streams, parasite drag force measurements, 
and cockpit noise measurements. To minimize the wind tunnel operation time, and thus 
minimize the cost of the project, these individual tests were conducted simultaneously for 
each of the 32 different test configurations. This required the coordinated operation of 
the wind tunnel, water anemometer, fog machine, laser, virtual instrumentation, and 
cameras. 
Wind Tunnel Description 
The UTSI wind tunnel is an unpressurized open-return type tunnel limited to a 
subsonic air velocity of 250 ft/s. An electric fan assembly mounted on the roof of the 
wind tunnel building draws unfiltered air through a honeycomb flow straightener and 
rectangular contraction bell and into the rectangular test section ( fig 4-1 ). The test 
section is equipped with removable full-length plexi-glass doors on each side and a 4 inch 
wide plexi-glass viewing panel on top (fig 4-2). The test section was not calibrated and 
its flow characteristics were not mapped, however these operations were deemed 
unnecessary for the testing to be done. The wind tunnel speed was precisely controlled 
with a vernier-type remote control unit. 
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Figure 4-1 UTSI Subsonic Wind Tunnel Facility 
Figure 4-2 UTSI Subsonic Wind Tunnel Test Section 
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Airspeed Measurement 
The wind tunnel airspeed was measured using a water anemometer as shown in figure 
4-3. The anemometer was connected to a combined pitot and static pressure probe which 
was mounted on the ceiling of the tunnel at the test section inlet (fig 4-4). The pitot tube 
was centered and tightened for consistent airspeed measurements. Since the anemometer 
was scaled in inches of water, the following formula was used to convert to the 





V= J2h r = 2h[_!!_][ 62.4 lb][ :fl:3 ]= ft p 12 in :fl:3 0.002378 slugs s ' 
Height of water column (in) 
Specific weight of water (lb/:fl:3) 
Density of air ( slugs/:fl:3) 
Figure 4-3 Water Anemometer 
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Figure 4-4 Pitot-Static Probe Installation in Test Section 
Flow Visualization 
The ability to see airflow patterns on and around a device under investigation often 
gives insight into a solution to an aerodynamic problem 7• Flows may be observed on the 
surface of the device (on-body) or in the field around the device (off-body). For on-body 
flow visualization, a thin-filament wand was used to probe around the model. To see the 
airflow patterns off-body, a tracer material was injected into the flow so that the flow was 
inferred by the movement of the tracer (appearing as a stream). Because smoke was used 
as the tracer material, and the deflected smoke streams were to be accurately measured, 
laser illumination was used to enhance photographing the deflected flow against a 
measurement grid placed in the background. 
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Smoke Generation 
A Rosco model 1600 electric fog machine, using Rosco fog fluid (part number 
FG 10254A), was used to generate the smoke stream. The fog machine was mounted 
vertically on a tripod to allow its 3/16-inch steel tubing to be inserted through the floor of 
the wind tunnel (figs 4-4, 4-5). The smoke injector tubing was bent 90 degrees, with the 
exit nozzle rigid and parallel to the tunnel floor and airflow. After a brief warm-up, the 
fog generator activation and the smoke density were controlled with a hand-held remote 
control unit. The smoke produced was very visible grayish-white in color and left an oily 
film which required removal with cotton cloths between tests. 
Wind tunnel air inlet flow 
Figure 4-5 Fog Machine Installation 
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Laser Illumination 
An argon gas laser was used to more effectively illuminate the smoke stream. The 
1, 100 Watt laser was powered by an American Laser Corporation's model 63 power 
supply. Both the laser and the power supply were mounted on top of the wind tunnel test 
section so that the laser's continuous beam of blue coherent light was reflected by a 
mirror down through a 0.5 inch diameter access hole in the tunnel ceiling (figs 4-6, 4-7). 
A glass rod, which was secured with a washer and safety wire to the inside of the tunnel 
ceiling (at the access hole), scattered the narrow laser beam into a thin fan approximately 
60 degrees wide. The glass rod required a fine adjustment to position the fan onto the 
desired area. 
Power Supply 




Glass rod (inside) 
Figure 4-7 Laser and Optics Installation on Test Section 
Video Recording and Photographs 
All tests were filmed in color using a Canon ES 190 8mm videotape recorder which 
was rigidly mounted on a tripod for the duration of the wind tunnel testing. Digital color 
photographs were made of each configuration tested using a Fujifilm EM550 digital 
camera which was also mounted on a tripod. The video tape was transferred to the 
enclosed DVD and the still photograph files are located on the enclosed CD-ROM. 
Measurement Method 
To accurately and consistently measure the deflection of the illuminated smoke 
stream, a measurement grid was installed behind the model on the outside of the back 
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plexi-glass door of the test section (fig 4-8). The grid was made using white correction 
tape rolled on black poster-board at I -inch intervals vertically and horizontally. 
Measurements of the deflected smoke streams were taken from digital photographs for 
consistent accuracy, with the horizontal zero grid line aligned with the model's door 
leading edge and the vertical zero grid line aligned with the nose. 
Drag Force Measurement 
Even using a half-model, the blockage ratio was still too high, and the Reynolds 
number still too low, to permit force and moment measurements on or about all axes 
which could later be extrapolated to full-scale with an acceptable level of accuracy. It 
was, however, still considered possible to measure the parasite drag forces acting only 
along the longitudinal axis of the model, even though they would only be relative 
measurements. This required that the model be restricted to movement only along its 
Figure 4-8 Measurement Grid Installed Behind Model 
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longitudinal axis (back and forth) on flexures, so that an electronic load cell (strain gage) 
could be used to transmit force signals to a data acquisition system. 
Flexure Design and Model Mounting 
The model was mounted on 3 flexure assemblies, with the model ½ inch from the 
floor, as shown in figures B-1, B-2, and B-3 in appendix B. Each flexure assembly 
consisted of a model mounting block and floor mounting hardware connected by a thin 
flexure. The 2 rear flexures were strips of 0.032 inch thick stainless steel and the floor 
mounting hardware were fabricated from angle iron, through which bolts were used to 
secure them to the tunnel floor. The front flexure was a full-bridge thin beam load cell 
with a thickness of 0.063 inch, also made from stainless steel (Omega model number 
LCL-040)8 . The load cell was an integrated strain gage that included all balancing, 
compensating, and conductive elements laminated on a stainless steel strip. The front 
flexure was attached to a 0.5 inch diameter bolt which fit in the pre-existing hole in the 
tunnel floor. The flexures were secured to the model's mounting blocks floor mounting 
hardware using the manufacturer's recommended mounting hardware (Omega model 
number LCM-CLl ). The mounting hardware was necessary to create the proper "double 
bend" during loading, as shown in figure 4-9. With the proper excitation voltage applied 
(5 Vdc), an electrical output is generated as the double bend causes tension and 
compression on the sensor strain gage. 
To accurately measure the parasite drag force in the wind tunnel, the load cell had to 
be able to accurately measure the forces throughout the wind tunnel speed range. The 
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Figure 4-9 Load Cell Double Bend 
Parasite drag 
Parasite drag coefficient 
Density of air 
Velocity of air 
Surface area 
The maximum parasite drag coefficient of the model (with external personnel) was 
estimated to be 0. 7, and the maximum frontal surface area of the half-model was 
calculated to be 0.4 fr. Using standard sea level air density and a maximum wind tunnel 
velocity of 250 ft/s, the maximum parasite drag was calculated as follows: 
Dp = (0.5) (0.7)(0.0023;,s slugs)(o.4 ft2 )(2so�J =21 lb . 
Load cells were available in 10, 20, and 40 lb rated loads, with safe overload ratings of 
150 percent. To allow an extra margin for error, a 40 lb load cell was used for the initial 
calibrations, since any overload could damage the strain gage and render it unreliable. 
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After test runs proved that the maximum drag force to be measured was approximately 19 
lb, the 40 lb load cell was replaced with a 20 lb load cell for more precise measurements. 
The model's mounting blocks were constructed from hollow rectangular aluminum 
tubing filled with steel-impregnated epoxy. Each mounting block was secured to the 
model's plywood base (reinforced with 0.032 inch aluminum) with 4 bolts. The 
reinforcement was necessary after initial calibrations and test runs revealed that the 
model mounts were bending, rather than remaining rigid so that the forces could be 
transmitted to the flexures only. 
Data Acquisition and Virtual Instrumentation 
Figure 4-10 shows the National Instruments' Lab VIEW® virtual instrumentation (VI) 
graphical user interface (GUI) window that was designed to monitor, as well as acquire 
and record, the load cell input voltage, the drag force, and the cockpit noise level 
simultaneously. A DC power supply (fig 4-11) supplied 5.00 ± 0.01 Vdc to the load cell 
through an 1102C 32-channel, 10 kHz input/output module. The input module interfaced 
with a 6052E Peripheral Component Interconnect (PCI) card installed in a Dell Optiplex 
GX300, Pentium III desktop computer. 
The VI displayed the drag force (in pounds) graphed over 0.1 second, which required 
a sample rate of 10,000 and a scan rate per second of 0.0001. The VI drag scale (y-axis) 
was scaled from -20 to +20 lb, and calibrated to read full scale with a hand-held spring 
scale pulling 20.0 ±0.5 lb. With the model secured to the floor of the tunnel test section 
with no force applied, the drag force reading was calibrated to 0.0 ± 0.1 lb, but an 
instrumentation re-zero was required prior to each test. This was a tedious and time-
31 
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Figure 4-10 Lab VIEW® Virtual Instrumentation Window 
Figure 4-11 DC Power Supply 
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consuming process, but resulted in an extremely sensitive and accurate measurement of 
the drag force applied along the longitudinal axis of the model. The calibration was 
periodically checked up to the full 20 lb rating to ensure all measurements were accurate. 
To record the drag force data, the "Acquire Once" VI button was simply pressed and 
released. The VI would then record the drag force (in lbs) every 0.0001 second, over a 
period of 0.2 seconds. This seemingly instantaneous data acquisition resulted in 2,000 
data points which were recorded in a pre-assigned Microsoft® Excel® spreadsheet, along 
with any descriptive notes entered into the VI' s comment pane. Graphing the data points 
produced the small-amplitude sinusoidal oscillations as displayed by the VI. These 2,000 
data points were averaged to obtain the drag force for the given wind tunnel airspeed. 
Acoustics Measurement 
To measure the noise levels experience by a flight crew in the cockpit, a sensitive 
microphone was installed in the rear cabin of the model, directly behind the pilot's head. 
The microphone's signal was first input to its accompanying Bruel & Kjaer Nexus 2961 
conditioning amplifier (fig 4-12) prior to being sent to the 1 102C input module and 
subsequently displayed by the virtual instrumentation. The VI signal analyzer 
graphically displayed the noise level (in decibels) over a frequency range of O - 5 kHz, in 
increments of 5 Hz. Similar to the drag force acquisition, when the "Acquire Once" 
virtual button was depressed ( see fig 4-1 1  ), the VI recorded the decibel level of each 
frequency (in 5 Hz increments from O - 5 kHz) in 0.2 seconds. The recorded acoustical 
data were written to the pre-designated Microsoft Excel® spreadsheet for later analysis. 
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Figure 4-12 Microphone Signal Conditioning Amplifier 
Wind Tunnel Operation and Data Collection 
To ensure accurate, reliable data, the wind tunnel operation and data collection 
adhered to the basic principle of replication for the design of experiments. Since 15 
different wind deflectors were to be tested and compared, it was critical to replicate each 
test to obtain directly the variability in the results of the measurements involved7 • To 
collect the drag and acoustical data, as well as record the flow visualization, the following 
steps were followed for each model configuration tested. 
1. The deflector model and external personnel models were installed as required. 
2. The smoke generator outlet tube was checked for proper alignment. 
3. The pitot tube was checked for proper alignment. 
4. The wind tunnel interior was checked for loose objects then secured. 
5. The deflector number was taped to the outside glass of the test section. 
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6. The fog machine reservoir was filled with fog oil and turned on. 
7. A Microsoft Excel® spreadsheet filename was assigned for recording. 
8. The virtual instrumentation drag force measurement was zeroed. 
9. The acoustic measurement system was checked for response to noise. 
10. The data acquisition system power supply voltage was adjusted to 5.00 Vdc. 
11. The laser was activated and checked for proper alignment. 
12. The wind tunnel temperature and outside ambient pressure were recorded. 
13. The anemometer was leveled and zeroed. 
14. The digital camera and video camera were turned on, aligned, and focused. 
15. The room lights were turned off. 
16. The wind tunnel was turned on. 
17. The wind tunnel airspeed was set to desired speed, referencing anemometer. 
18. The wind tunnel was allowed to stabilize at the desired airspeed. 
19. The wind tunnel fan motor speed, test section temperature, and airspeed were 
recorded on paper and entered in the virtual instrumentation comments pane. 
20. The virtual instrumentation was activated to record the drag force and acoustical 
data. 
21. The fog machine blower was activated and adjusted as necessary. 
22. The video camera was activated for 30 seconds and a digital photo was taken. 
23. The fog machine blower was turned off. 
24. Steps 17 - 23 were repeated for the next higher airspeed. 
During the initial tests runs and calibrations, it was determined that, due to the large 
amount of tunnel blockage by the model, the maximum attainable wind tunnel air 
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velocity was 165 ft/s (using the maximum blockage configuration, i.e., the MH-6M 
model loaded with 3 external personnel models, and without a wind deflector). In the 
interest of time and expense, it was decided to collect the required data at only 4 different 
airspeeds (for each configuration). Considering this, along with the minimum steady 
tunnel speed of --60 ft/s, and the maximum attainable tunnel speed of 165 ft/s, the 4 
airspeeds chosen were 75, 100, 125, and 150 ft/s. 
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CHAPTER S 
FLOW VISUALIZATION DATA ANALYSIS 
Qualitative Data Analysis 
A wand with a thin filament attached was inserted through a small hole in the ceiling 
of the wind tunnel test section to probe the airflow at various points around the model. 
The rate and type of movement of the filament indicated the general behavior of the 
airflow near the surface of the model. Without wind deflector or external personnel 
models, the filament indicated generally smooth airflow around the model, except for 
inside the cockpit and cabin, which was mildly turbulent. With external personnel 
models, however, the airflow became very turbulent around the cockpit and cabin areas. 
Except for the 1 inch wide deflectors, every deflector tested reduced this turbulence in the 
cockpit and cabin areas significantly. While the turbulence around the two most forward 
external passenger models was also significantly reduced, the turbulence around the rear 
passenger appeared unchanged with any deflector. This was also evidenced by the 
motion of the external personnel modds' clothing. 
Quantitative Data Analysis 
Digital photographs of each test were enlarged on a computer monitor and, using a 
ruler, the deflected airflows were carefully measured (±0.1 inch) at the peak of the 
illuminated smoke using the background grid as described in chapter 4. The vertical peak 
of the smoke was 1.8 inches at the 7 inch horizontal mark for the clean (no external 
personnel) and loaded configurations without wind deflectors (see figures 5-1 and 5-2). 37 
Figure 5-1 Measurement of Undeflected Airflow (Clean, 150 ft/s) 
Figure 5-2 Measurement of Undeflected Airflow (Loaded, 150 ft/s) 
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Deflected airflow distance was measured in the same manner for each wind deflector 
model. Examples of deflected airflows, using deflector # 1, is presented in figures 5-3 
and 5-4 for the clean and loaded configurations, respectively. The difference between air 
deflection measurements due to the 4 different airspeeds were less than 0.1 inch for each 
deflector (both clean and loaded), so only photographs taken at 150 ft/s airspeed were 
used and are presented in appendix D. Photographs of all configurations ( at all 4 
airspeeds tested) are on the enclosed CD-ROM and complete video footage of all testing 
is on the enclosed DVD (see plates). 
Figure 5-3 Measurement of Deflected Airflow (Clean, 150 ft/s) 
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Figure 5-4 Measurement of Deflected Airflow (Loaded, 150 ft/s) 
Since the un-deflected airflow was measured from the peak of the illuminated smoke 
stream, this distance (1.8 in) was subtracted from the airflow deflection measurements of 
the various wind deflector models to calculate the corrected distance the airflow was 
deflected from the model ( at the leading edge of the door frame). This calculation is 
tabulated for each deflector, in descending order of deflection magnitude, in table 5-1. 
The full-scale airflow deflections are not predicted in this paper for several reasons. 
First, the high blockage ratio ( described in chapter 1) precludes the accurate replication of 
the free-stream airflow around the actual helicopter in forward flight. Second, the wind 
tunnel test did not replicate the effects of the main rotor's wash or acoustics on the 
airflow. Finally, while the sharp-edge flow separation may be relatively insensitive to the 
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Table 5-1 Flow Visualization Measurements 
Measured Corrected Deflector Airflow Airflow Model Relative Width Angle Deflection Deflection Number Length (in) (deg) (in) (in) None NIA NIA NIA 1.8 0.0 
#7 Medium 4 60 4.9 3. 1 
#10 Long 4 60 4.5 2.7 
#6 Medium 3 60 4.2 2.4 
#9 Long 3 60 4.2 2.4 
#5 Medium 3 50 4. 1 2.3 
#4 Medium 3 40 3.5 1.7 
# 12* Medium 2 60 3.4 1.6 
#3 Medium 2 60 3.4 1.6 
#2 Medium 2 50 3.4 1.6 
#1  Medium 2 40 3.0 1.2 
#11  ** Medium 2 40 3.0 1.2 
# 15 Medium 1 60 2.9 1. 1 
#14 Medium 1 50 2.8 1.0 
#13 Medium 1 40 2.5 0.7 
* Deflector #12 is deflector #3 with a sawtooth trailing edge added. 
* * Deflector # 11 is deflector # 1 with vortex generators added. 
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Reynolds number effects discussed in chapter 2, the flow deflection distances are. The 
Reynolds numbers for the model at the highest wind tunnel airspeed was calculated as 
Re= -- = ----- ------ --- 0.25ft =2.4 x 1 0  pVL [ 0.002378 slugs ] [  ft 2 ] [ 150 ft ] [  ] µ ft 3 3.7373 X l f f7 lb-s S 
Since the Reynolds number for the full scale helicopter in cruise flight at 100 knots was 
calculated to be 1.5 x 106 (see chapter 2, page 8), the Reynolds number for the model 
differed from the Reynolds number for the actual helicopter by a factor of 6.3. Therefore 
the model and full-scale airflows are not aerodynamically similar enough to predict the 
full-scale deflection distances. 
The data in table 5-1 does show, however, that the air deflection distance varied 
linearly with the deflector width, as one would expect. This is more clearly illustrated by 
a plot of the smoke-stream's deflected distance versus width, for the 3 different deflection 
angles used (fig 5-5). The deflected distance was· then plotted against the deflection 
angle for each deflector width, with a smooth curve manually drawn through the data 
points (fig 5-6). The curves suggest that, to obtain the maximum flow deflection, the 
optimum deflection angle lies between 50 and 60 degrees, beyond which the deflected 
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DRAG FORCE DATA ANALYSIS 
General Analysis 
The drag force was measured at 4 different airspeeds (75, 100, 125, and 150 ft/s) for 
each tested configuration. The drag curves all increased exponentially with the square of 
the air velocity as expected. All the deflector models tested reduced the parasite drag by 
deflecting the airflow around the external personnel (toy soldiers), yet they also all 
increased the parasite drag to some degree when the external personnel were not attached. 
If a wind deflector model created the same parasite drag force with external personnel 
(loaded) as without ( clean) for a given airspeed, then it deflected all of the airflow away 
from the external personnel, since the external personnel did not contribute to the parasite 
drag. Stated in other terms, the drag versus airspeed curve would be the same with or 
without personnel on the EPS pods. Theoretically, this could require complete enclosure 
of the external personnel, but such a configuration would still increase the parasite drag 
to some degree greater than that produced in the clean configuration. 
Unfortunately, as it will be shown, none of the wind deflector models demonstrated 
this capability; on the contrary, the difference in drag between the clean and loaded 
configurations increased to some degree with airspeed for all models. However, it is 
highly desirable for a model deflector to significantly reduce drag in the loaded 
configuration, while producing a minimal corresponding increase in drag in the clean 
configuration - this concept is illustrated in figure 6-1. 
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Figure 6-1 Drag Force versus Airspeed (Example) 
Table 6-1 presents the parasite drag (at 150 ft/s airspeed) of all tested combinations of 
model configuration ( clean or loaded) and deflector model number installed. The table is 
ranked ( decreasing) according to total drag reduction in the loaded configuration. The 
table also includes the value for the ratio of the change in parasite drag in the loaded 
configuration to the change in parasite drag in the clean configuration. The airflow 
deflection measurements presented in Chapter 5 are also presented in the table for 
reference. Due to the inaccuracies resulting from the use of an incomplete half model, 
and the difference in the Reynolds numbers for the model and actual aircraft, the parasite 
drag reduction values cannot be extrapolated to the full-scale helicopter, therefore they 
are not presented in this paper. 
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Table 6-1 Parasite Drag of Deflector Models (150 ft/s Airspeed) 
Wind Deflector Model Parasite Parasite 
Model Drag Drag 
Relative Width Deflection Config- Parasite Change Change .1DP LOADED 
Number Length (in) Angle (deg) uration Drag (lb) (lb) (%) �Dp CLEAN 
None NIA NIA NIA 
Clean 5.5 0.0 0.0 
0.00 
Loaded 1 8.7 0.0 0.0 
#8 Long 2 40 
Clean 6.7 1 .2 22.0 
3 .60 
Loaded 14.3 -4.4 -23 .3 
#6 Medium 3 60 
Clean 9.3 3 .8 68.8 
1 . 14 
Loaded 14.4 -4.3 -23.0 
#5 Medium 3 50 
Clean 9.0 3 .5 63 .0 
1 . 1 8  
Loaded 14.6 -4. 1 -2 1 .9 
Medium 2 50 
Clean 7.2 1 .7 3 1 .4 
2.29 #2 
-2 1 .2 Loaded 14.7 -4.0 
50 
Clean 10. 1  4.6 83.4 
0.84 #9 Long 3 
Loaded 14.8 -3 .9 -20.7 
#12  * Medium 60 
Clean 8.7 3 .2 57.8 
1 . 14 2 
Loaded 1 5 . 1  -3.6 - 1 9.3 
Medium 2 40 
Clean 6.9 1 .4 26. 1 
2.44 # 1  
Loaded 1 5 .2 -3 .5 - 1 8.7 
Medium 60 
Clean 8.5 3 .0 53.8 
1 . 1 5  #3 2 
Loaded 1 5 .3 -3 .4 - 1 8.2 
Medium 40 
Clean 6.2 0.7 12.0 4.99 # 1 1 **  2 
Loaded 15 .4 -3 .3 - 17.5 
60 
Clean 1 3 . 1  7.6 137.5 
0.38 # 10  Long 4 
Loaded 1 5.8 -2.9 - 1 5.5 
Clean 7.7 2 .2 40.9 
1 .20 #4 Medium 3 40 
Loaded 1 6.0 -2.7 - 14.4 
Medium 50 
Clean 7.7 2.2 39.9 
1 .07 #14 1 
Loaded 16.3 -2.4 -1 2.6 
Clean 7.6 2. 1 38.9 0.59 # 1 5  Medium 1 60 
Loaded 17.4 - 1 .3 -6.7 
Clean 6.6 1 . 1  1 9.4 
0.85 # 1 3  Medium 1 40 
Loaded 1 7.8 -0.9 -4.8 
#7 Medium 4 60 
Clean 16.0 10.5 190. 1 0.03 
Loaded 1 8.3 -0.4 - 1 .9 
* Deflector #12 is the same as deflector #3, but with a sawtooth trailing edge. 

























Op with deflector -
Op no deflector 
�DP Loaded 
�Dp = Op with deflector - Dp no deflector 
Parasite drag change 
Parasite drag with deflector 
Parasite drag without deflector 
%�DP = (�Dp I Dp) (100%) 
Parasite drag change �ercent) 
Parasite drag change 
Parasite drag 
�I?P Loaded /  �Dp Clean 
Parasite drag change in the loaded configuration 
�Dp Clean Parasite drag change in the clean configuration 
The following observations were made from the study of table 6-1: 
1. Deflector #8 reduced the parasite drag of the loaded configuration the most (23 .3 
percent), with a minimal increase in drag in the clean configuration (22.0 percent). 
2. Extending the length over the external personnel's heads using a 40 degree 
deflection angle with a 2 inch width ( deflector #8) prove_d to reduce the parasite drag in 
the loaded configuration an additional 5 percent over the drag of medium-length deflector 
# 1. However, the opposite effect occurred for the 3 inch deflector when the length was 
extended ( comparing deflector #5 and deflector #9). 
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3. Adding vortex generators onto deflector #1 (to create deflector #11) decreased the 
drag in the loaded configuration 18 percent; without the vortex generators ( deflector # 1 ), 
the drag decrease was 23 percent. But deflector # 11 only increased the drag by 12 
percent in the clean configuration, compared to the 22 percent increase of deflector # 1. 
Comparative Analysis of Deflector Designs 
To provide a clearer comparative analysis of the 15 wind deflector models, the effects 
of changing the variable design parameters (length, width, and deflection angle) were 
studied by plotting the drag curves with two design parameters held constant while 
varying the remaining parameter. 
Constant Widths and Lengths, Variable Deflection Angles 
By plotting the drag curves of deflectors having the same width and length and 
varying the deflection angle, the effect of increasing the deflection angle was more 
readily apparent; this was done for the 1, 2, and 3 inch deflectors (refer to figure 6-2). 
The curves show that the drag generally increased with the deflection angle for the clean 
configuration. However, for the loaded configuration, the drag did not necessarily 
decrease as the deflection angle increased. Consequently, the deflection angle that not 
only maximized the drag reduction for the loaded configuration, but also had the 
maximum �Dp Loaded /  �DP Clean, varied with the deflector width. 
To determine the optimum deflection angle for each width, the corresponding drag 
values for each width tested was plotted against the deflection angle for the short length 
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-G- Deflector #13  (1 inch, 40 deg), clean 
-� Deflector #14 (1 inch, 50 deg), clean 
-� Deflector #15  (1 inch, 60 deg), clean 
�Deflector # 13 (1 inch, 40 deg), loaded 
-+-Deflector #14 (1 inch, 50 deg), loaded 
-.- Deflector # 1 5  (1 inch, 60 deg), loaded 
-er No deflector, clean 
� No deflector, loaded 
-G- Deflector # 1 (2 inch, 40 deg), clean 
-� Deflector #2 (2 inch, 50 deg), clean 
-� Deflector #3 (2 inch, 60 deg), clean 
� Deflector # 1 (2 inch, 40 deg), loaded 
-+-Deflector #2 (2 inch, 50 deg), loaded 
_.,_ Deflector #3 (2 inch, 60 deg), loaded 
-er No deflector, clean 
� No deflector, loaded 
-G- Deflector #4 (3 inch, 40 deg), clean 
-� Deflector #5 (3 inch, 50 deg), clean 
-� Deflector #6 (3 inch, 60 deg), clean 
� Deflector #4 (3 inch, 40 deg), loaded 
-+-Deflector #5 (3 inch, 50 deg), loaded 
_._ Deflector #6 (3 inch, 60 deg), loaded 
-er No deflector, clean 
� No deflector loaded 
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Small difference 
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degree angles 
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degree angles 
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1 30 
- - _ _ E) - - 1· 






Figure 6-2 Drag Force versus Airspeed (Constant Widths) 
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Model Deflector Angle - deg 
D 1 irx:h deflector width, clean 
6. 2 irx:h deflector width, clean 
O 3 ioch deflector width, clean 
• 1 ioch deflector width, loaded 
.A 2 ioch deflector width, loaded 
+ 3 irx:h deflector width, loaded 
- • Poly. (Average, clean) 
-- Poly. (Average, loaded) 
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Figure 6-3 Drag Force versus Model Deflector Angle (150 ft/s) 
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A computer-gene:rated curve was faired through the average of these points for each 
configuration, from which the optimum deflection angle was �stimated to be 49 - 55 
degrees for maximum drag reduction in the loaded configuration, with minimal drag 
penalty in the clean configuration. 
Constant Angles and Lengths, Variable Widths 
By plotting the drag curves of deflectors having the same deflection angle and length 
and varying the width, the effect of increasing the width was more readily apparent (see 
figure 6-4). These curves clearly indicate that the drag increased with the deflector width 
for the clean configuration. Conversely, the drag decreased with increasing width for the 
loaded configuration (for all deflection angles). Note, however, that there was a 
minimum gain in drag reduction (for the loaded configuration) by increasing the width 
from 2 inches to 3 inches. 
Taking the analysis one step further, the drag values for both the clean and loaded 
configurations were plotted as a function of deflector width for all 3 angles used in the 
short length models (fig 6-5). A computer-generated trend-line (average) was faired 
through the locus of the combined curves, for both the clean and loaded configurations, to 
better determine the deflector width for optimum drag reduction. Using these average 
lines, a deflector width of 2.0 - 3.2 inches was estimated as the optimum range, with 2.5 
inches being the best for maximum drag reduction in the loaded configuration. 
Constant Widths and Angles:, Variable Lengths 
The effect of increasing the length of the deflector was evaluated by graphing the drag 
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-G- Deflector # 13 ( 1 inch, 40 deg), clean Small difference -� Deflector # }  ( 2  inch, 40  deg), clean between 2 inch and 3 -f!r Deflector #4 (3 inch, 40 deg), clean 
� Deflector # 1 3  ( 1 inch, 40 deg), loaded 
-+- Deflector # 1 (2 inch, 40 deg), loaded 
_...,_ Deflector #4 (3 inch, 40 deg), loaded 
-G- No deflector, clean 
� o deflector, loaded 
-G- Deflector # 1 4  ( 1 inch, 50 deg), clean Small difference -� Deflector #2 (2 inch, 50 deg), clean 
-f!r Deflector #5 (3 inch, 50 deg), clean 
� Deflector # 1 4  (1 inch, 50 deg), loaded 
-+- Deflector #2 (2 inch, 50 deg), loaded 
_...,_ Deflector #5 (3 inch, 50 deg), loaded 
-G- No deflector, clean 
� o deflector, loaded 
- -- -::: -- --
- - -
-G- Deflector # 15  ( 1  inch, 60 deg), clean Small difference -� Deflector #3 (2 inch, 60 deg), clean 
-f!r Deflector #6 (3 inch, 60 deg), clean 
� Deflector # 1 5  ( 1 inch, 60 deg), loaded 
-+- Deflector #3 (2 inch, 60 deg), loaded 
_...,_ Deflector #6 (3 inch, 60 deg), loaded 
-G- No deflector, clean 
� No deflector, loaded 
- - -
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Airspeed - ft/s 
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Model Deflector Angle - deg 
D 1 irx:h deflector width, clean 
6. 2 irx:h deflector width, clean 
<> 3 irx:h deflector width, clean 
• 1 irx:h deflector width, loaded 
A 2 irx:h deflector width, loaded 
+ 3 irx:h deflector width, loaded 
- • Poly. (Ave�, clean) 
--Poly. (Average, loaded) 
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Figure 6-5 Drag Force versus Model Deflector Width (150 ft/s) 
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curves for both short and long lengths, for a given width and deflection angle. For the 2 
inch wide, 40 degree angle deflectors, extending the length of the deflector to the rear of 
the cabin door (over the external personnel' s  heads) reduced the drag an additional 4. 1  
percent for the clean configuration, and an additional 4.6 percent for the loaded 
configuration ( fig 6-6). While this did not occur for the 3 inch, 50 degree angle . 
deflectors, a significant drag reduction did occur for the 4 inch, 60 degree angle 
deflectors when the length was extended. 
Addition of Vortex Generators 
The addition of vortex generators to the 2 inch wide, 40 degree angle deflector 
reduced the drag an additional 14 percent in the clean configuration; but for the loaded 
configuration, the drag was the same for both short and long deflectors (fig 6-7). The 
size of the vortex generators on the model deflector, however, was not proportional to 
typical vortex generators used on real aircraft (they were too large). Even though the 
vortex generators were not correct in proportion, they were of such small Reynolds 
numbers that their true effect must be investigated by full-scale flight testing. 
Addition of Sawtooth Edge 
The sawtooth edge modification to the 2 inch, 60 degree deflector did not change the 
drag for the loaded configuration, and actually increased the drag by 4 percent for the 
clean configuration (fig 6-8). Since the sawtooth edge was of very small scale, like the 
vortex generators, its true effect must be investigated during full-scale flight testing. 
55 
20 r-=================,---;-----r----;--r-------r--:---------i-------, -G- Deflector #1  (2 inch, 40 deg, short), clean 
-� Deflector #8 (2 inch, 40 deg, long), clean 
-- Deflector #1 (2 inch, 40 deg, short), loaded 
-+- Deflector #8 (2 inch, 40 deg, long), loaded 
-G- No deflector, clean 
1 8  
16 Loaded 
14 +---•=--�N�o;:....=de=fl=ec�t�o�r,�lo=a�d�ed=----------'-+- - -- ---,,...,...""---t-- - - -+--:.,,.-c-----=�"--t--- --1 
::!: 12 +-----e--- -----,-.--- ---+ - ---'------�,:__-r-----�-�e:.__�"+- - - - ---+--------l I 
� 10 +-----i-------+---------::,�----- r,:::a�""I,..-'--+--- ---j--------:---------1 
& 
1111 
E 8 +----------- -���----:::.�=-:::;7"'�- t-------:-----+-- -- +=-- ------t 
Q 
0 -'--------'-------'------------------------------------------' 
20 ,--;::==============:::;--r------i----------,.--------, I -G- Deflector #5 (3 inch, 50 deg, short), clean , 
1 ' -� Deflector #9 (3 inch, 50 deg, long), clean --+--- ---+-- - --+-- - -� - ---+--+--- ---< 
-- Deflector #5 (3 inch, 50 deg, short), loaded 
-+-Deflector #9 (3 inch, 50 deg, long), loaded 
-G- No deflector, clean 
1 8  
1 6  
Loaded 
__.._ No deflector, loaded 
::!: 12 +------------'-----_;_-----t---,,,,,.._"- -+--- ------,,----:.,,e�:......+- - - --+-- --------1 I QI 
� IO +------- - ----:------+------:;;;�--t----- ,- -::a::��f-------+-----:;--,�-t-- ------l 
& 
1111 
E 8 +-- - - - -----+---=�-+----+:,�:.-c-- +--------1r-�--=--+.___.=-------t-----\: Clean Q 
o �-------------------------�-----------------------" 
20 r-===============::;------ -----,------;-----;------, -G- Deflector #7 ( 4 inch, 60 deg, short), clean 
18  
16 
-� Deflector #  1 0  ( 4 inch, 60 deg, long), clean 
-- Deflector #7 ( 4 inch, 60 deg, short), loaded 
-+- Deflector # 1 0  ( 4 inch, 60 deg, long), loaded f---,f---- -- -+- - - --+--- - �f----- - ---+..........,f----L-o_aded_ ..... -G- No deflector, clean 
14 +---==__.._==N=oFd=efl=e=c=to=r,=l=oa=d=e=d====p=====--+---- -+- --._.,,:__-+--.�---tr'"'--,,,,.,c_---l-+--------1 
::!: 12 +-----f--------- --_,_-----+---�.,,..,'--+--�'------'------'-�--C.......--+--=-"""------+--+--- ----l I QI Clean � 10 +--- ---+---- --------li---- -�--+�.-C-------+,....""'----=----,-.-------==----- --+---- ---l--+--- ---l & 
1111 
f 8 +-------------=�--+---,_,c_---,�'"---c-=-=-------:--,,.,..._:---'--+---------,...- - - --+---+-----l 
Q 
2 -+---o----t�--- -��-�-----+---------+---------+---------+---- ------------f 
o _,__---------+-----1-----------------------------
70 80 90 100 1 10 120 1 30 140 
Airspeed - ft/s 
Figure 6-6 Drag Force versus Airspeed (Constant Lengths) 
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-G- Deflector # 1 (2 inch, 40 deg, smooth), clean 
� -<r- Deflector # 1 1  (2 inch, 40 deg, vortex generators), 1:lean 
-II- Deflector # 1 (2 inch, 40 deg, smooth), loaded 
__._ Deflector # 1 1  (2 inch, 40 deg, vortex generators), loaded 
-G- No deflector, clean 
� No deflector, loaded 
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-G- Deflector #3 (2 inch, 60 deg, smooth), clean 
-<r- Deflector # 1 2  (2 inch, 60 deg, sawtooth), clean 
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__._ Deflector # 1 2  (2 inch, 60 deg, sawtooth), loaded 
-G- No deflector, clean 
� No deflector, loaded 
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ACOUSTICAL DATA ANALYSIS 
The noise levels were detected by a sensitive microphone installed behind the pilot's 
head in the MH-6M model, and recorded for all configurations and airspeeds tested. 
These noise levels (in decibels) were plotted across a frequency spectrum of O - 5,000 
Hz, in 5 Hz increments. Figure 7-1 shows that the noise levels increased approximately 
20 decibels across this entire spectrum when the external personnel models were added 
(without any wind deflectors installed). Since the decibel scale is logarithmic, the noise 
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Figure 7-1 Noise Levels without Wind Deflectors (150 ft/s) 
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These noise levels measured in the wind tunnel model, however, cannot be construed 
to be representative of the noise levels of the actual helicopter in flight due to the 
following factors: 
1. The wind tunnel's inherent noise levels were not subtracted from the noise levels 
produced with the model installed, and were significant (see fig 7-1). 
2. The actual helicopter noise levels are normally 100 dB or more, and include the 
engine, main rotor, and tail rotor noise, as well as the wind noise; the model did not 
include or simulate these operating components. 
3. The difference in the model's acoustics and the actual helicopter's acoustics ( due to 
scale) was not known, and was beyond the scope of this investigation. 
Thus, the acoustical analysis, like the preceding drag analysis, was limited to a 
comparison of the noise levels between various configurations. 
Adding wind deflectors eliminated the high noise levels caused by the addition of 
external personnel models. As can be seen from comparing figs 7-2 and 7-3, the noise 
.levels increased with airspeed, but the addition of wind deflector # 1 decreased the noise 
levels down to those of the clean configuration across the entire measured frequency 
spectrum, regardless of airspeed. The human ear can detect sound frequencies ranging 
from 20 to 20,000 Hz, but is most sensitive in the 2 - 3 kHz range9• Fortunately, every 
wind deflector tested reduced the noise levels significantly in this range, as shown in 
figures E-1 through E-13 ( only the plots for the 150 ft/s are presented, since the plots for 
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Figure 7-2 Noise Levels with Deflector #1 (75 ft/s) 
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While it was important to determine the effects of the wind deflectors on the noise 
levels, it was also desired to determine if any of the deflectors would create a low­
frequency resonance. Since the frequency of the pulsating noise experienced by the flight 
crew was very low ( described in Chapter 1 ), the noise levels for deflector # 1 were plotted 
over the O - 100 Hz range (fig 7-4). This low-frequency plot does not reveal any 
particular large amplitude deviations, as would likely be expected from a resonant 
condition, yet it is only a small snapshot of the noise levels, since the data for this range 
was recorded in only 0.002 seconds. Not only does the recorded data not reveal any 
definite resonating frequencies, there was also no observation of any such resonance, or 
"pulsating" at low frequencies, as displayed by the virtual instrumentation (see fig 4-10) 
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CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
A subsonic wind tunnel investigation of wind deflectors for the MH-6M Mission­
Enhanced Little Bird helicopter was conducted using a 1/5.5 scale partial model. The 
airflows around the model, the longitudinal parasite drag forces, and the cockpit acoustics 
were recorded and analyzed on a comparative basis for 32 different configurations. From 
careful consideration of these comparative analyses, and within the limited scope of this 
test, the following conclusions were made: 
1. Wind deflectors generally conforming to, and attaching around, the leading and top 
edges of the cockpit door frame of the MH-6M helicopter deflected the wind away from 
personnel models seated on the external platforms of the EPS. The degree of effective 
wind deflection was mainly a function of three primary design parameters: width, length, 
and deflection angle. 
2. The distance the airflow was diverted away from the external personnel models 
was directly proportional to the width of the wind deflector model. However, this 
distance varied with deflection angle, since the 50 and 60 degree deflector angles were 
significantly more effective at increasing the distance than the 40 degree deflector angle, 
for a given width and length. 
3. The parasite drag created by the external passengers was also decreased as a 
function of deflector width, length, and angle. In general, as the distance the airflow was 
deflected away from the external personnel increased, the parasite drag decreased. This 63 
was not the case, however, for excessively large wind deflector widths ( 4 inch), which 
failed to decrease the drag of the loaded configuration proportional to the drag penalty 
they caused in the clean configuration; this was despite the fact they deflected the airflow 
the greatest distance. 
a. Averaged plots of the drag values for all 3 deflector angles (for short length 
deflectors only) suggested an optimum deflector model width of 2.0 - 3.2 inches, with a 
2.5 inch width producing the best drag reduction for the loaded configuration. 
b. Averaged plots of the drag values for all 3 deflector widths (for short length 
deflectors only) suggested an optimum deflector angle of 52 ±3 degrees. 
c. Extending the length of the wind deflectors to the rear of the cabin door ( over 
the heads of the external personnel) increased the distance the airflow was deflected 
approximately 30 percent and reduced the parasite drag of the loaded configuration an 
additional 5 pement (for 2 inch wide, 40 degree angle deflectors). Since similar results 
were obtained with the 4 inch wide deflectors, but not for the 3 inch wide deflectors, the 
actual benefits of extending the length were not ascertained. 
4. The effects of added vortex generators or sawtooth edges to the deflectors were 
inconclusive from the wind tunnel study. 
5. Every wind deflector model tested reduced the noise caused by the wind impacting 
the external personnel models down to the same level of noise created by the model 
without external personnel models. The significant noise level reduction also suggests 
that the turbulent air entering the cockpit - and interfering with crew duties - was also 
significantly reduced. 
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6. No low-frequency, pulsating noises were detected for any configuration and 
airspeed combination tested. Due to the acoustical measurement system configuration, 
the large difference in scale (and possibly the asymmetry) of the model, no prediction can 
be made that this phenomenon will not occur with a full-scale wind deflector. 
Recommendations 
Since there was only one iteration of each tested configuration, there were insufficient 
data points (nor were there a high level of confidence in some of them) to justify 
developing a complex mathematical algorithm for determining the optimal values for the 
primary design parameters. Therefore, within the scope of this investigation, the 
following recommendations are offered and are based on the aforementioned conclusions 
as well as the objectives and requirements of the 160th SOAR(A): 
1. Fabricate a pair of full-scale wind deflector prototypes in accordance with the 
following: 
a. The prototype should resemble the general design of the wind deflector models 
tested in the wind tunnel: a smooth, curved plate that conforms and mounts to the 
cockpit door frame. 
b. The initial prototype deflectors should be 18 inches wide, reduced to no less 
than 11 inches only to facilitate emergency egress and forward usage of weapons by the 
external personnel (a cardboard pattern should be used for this). Widths in excess of 18 
inches will deflect more wind, but may result in diminishing returns for drag reduction 
and will decrease the ability to use weapons forward. 
65 
c. The deflector angle should be 49 - 55 degrees, with 52 degrees being optimum 
(referencing the centerline of the fuselage), adjusted for egress and weapons usage 
requirements. 
d. The lt:mgth of the deflector should extend over the heads of the external 
personnel, to a point just past the rear of the cabin door frame (roughly fuselage station 
124; refer to figure A-2). The length of the deflector below the cockpit door will depend 
on egress and weapons usage requirements, but should extend as far as practical to 
deflect the wind away from the feet and legs of the external personnel. Of course the 
effect on the aircraft's weight and center of gravity must be considered as well. 
2. Flight test the wind deflector prototypes on the MH-6M helicopter, or on an H-6 or 
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MH-6M HELICOPTER DESCRIPTION 
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The MH-6M Mission-Enhanced Little Bird is a highly-modified, militarized variant of 
the MD-500 series civilian helicopter (see figs A-1 through A-4). Its fuselage is mounted 
on skid-type landing gear, and houses the cockpit, expanded rear cabin, fuel cells, engine, 
and transmission. A monocoque tailboom is attached to the rear fuselage, and supports 
the vertical stabilizer and tail rotor. A trimmable horizontal stabilizer, with end-plates, is 
mounted on top of the vertical stabilizer. 
A single Rolls Royce 250C30R/3M turbo-shaft engine powers a six-bladed fully­
articulated main rotor and a four-bladed semi-rigid tail rotor. A dual-pilot aircraft, the 
MH-6M has conventional, dual collectives, cyclics, and anti-torque pedals. In addition to 
standard flight instruments, the helicopter has integrated cockpit architecture with a 1553 
data bus and the latest avionics. 
The MH-6M can be equipped with an External Personnel System (EPS) kit (figs A-5, 
A-6), which includes dual external platforms (pods) which can support 3 personnel each 
(maximum 750 lb each, or 300 lb maximum per station). Additionally, a small or large 
auxiliary fuel tank can be installed in the rear cabin for increased operating range. Refer 
to reference 2 for a complete aircraft description. 
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WIND DEFLECTOR MODEL PHOTOGRAPHS 
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Figure C-1 Wind Deflector Model #1 




Figure C-3 Wind Deflector Model #3 
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Figure C-5 Wind Deflector Model #5 











Figure C-7 Wind Deflector Model #7 
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Figure C-9 Wind Deflector Model #9 
Figure C-10 Wind Deflector Model #10 
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12. 
Figure C-11 Wind Deflector Model #11 






Figure C-13 Wind Deflector Model #13 
Figure C-14 Wind Deflector Model #14 
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Figure C-15 Wind Deflector Model #15 
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APPENDIX D 
FLOW VISUALIZATION PHOTOGRAPHS 
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Figure D-1 No Wind Deflector (Clean) 
Figure D-2 No Wind Deflector (Loaded) 
99 
Figure D-3 Wind Deflector #1 (Clean) 
Figure D-4 Wind Deflector #1 (Loaded) 
1 00 
Figure D-5 Wind Deflector #2 (Clean) 
Figure D-6 Wind Deflector #2 (Loaded) 
1 0 1  
Figure D-7 Wind Deflector #3 (Clean) 
Figure D-8 Wind Deflector #3 (Loaded) 
1 02 
Figure D-9 Wind Deflector #4 (Clean) 
Figure D-10 Wind Deflector #4 (Loaded) 
1 03 
Figure D-11 Wind Deflector #5 (Clean) 
Figure D-12 Wind Deflector #5 (Loaded) 
1 04 
Figure D-13 Wind Deflector #6 (Clean) 
Figure D-14 Wind Deflector #6 (Loaded) 
1 05 
Figure D-15 Wind Deflector #7 (Clean) 
Figure D-16 Wind Deflector #7 (Loaded) 
106 
Figure D-17 Wind Deflector #8 (Clean) 
Figure D-18 Wind Deflector #8 (Loaded) 
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Figure D-19 Wind Deflector #9 (Clean) 
Figure D-20 Wind Deflector #9 (Loaded) 
1 08 
Figure D-21 Wind Deflector #10 (Clean) 
Figure D-22 Wind Deflector #10 (Loaded) 
109 
Figure D-23 Wind Deflector #11 (Clean) 
Figure D-24 Wind Deflector #11 (Loaded) 
1 1 0 
Figure D-25 Wind Deflector #12 (Clean) 
Figure D-26 Wind Deflector #12 (Loaded) 
1 1 1  
Figure D-27 Wind Deflector #13 (Clean) 
Figure D-28 Wind Deflector #13 (Loaded) 
1 1 2 
Figure D-29 Wind Deflector #14 (Clean) 
Figure D-30 Wind Deflector #14 (Loaded) 
1 1 3 
Figure D-31 Wind Deflector #15 (Clean) 
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Figure E-1 Noise Levels with Deflector #2 (150 ft/s) 
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Figure E-2 Noise Levels with Deflector #3 (150 ft/s) 
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Figure E-4 Noise Levels with Deflector #5 (150 ft/s) 
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Figure E-5 Noise Levels with Deflector #6 (150 ft/s) 
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Figure E-6 Noise Levels with Deflector #7 (150 ft/s) 
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Figure E-7 Noise Levels with Deflector #8 (150 ft/s) 
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Figure E-9 Noise Levels with Deflector #10 (150 ft/s) 
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Figure E-10 Noise Levels with Deflector #11 (150 ft/s) 
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Figure E-11 Noise Levels with Deflector #12 (150 ft/s) 
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Figure E-13 Noise Levels with Deflector #14 (150 ft/s) 
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